1 0 deposition is associated with reduced fungal biomass, shifts in fungal community structure, were significantly altered by long-term exposure to N enrichment. Changes in growth rates were species that were isolated from both the control and N treatment plots. To minimize the 1 0 3 probability of using the same individual twice, we never used more than one isolate of a species experiments targeted ten ascomycetes (Supplementary Table S1 ). All were 1) identified and 1 1 5 grouped using the ITS barcode, 2) found in the high-throughput sequencing dataset (providing a 1 1 6 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/067306 doi: bioRxiv preprint first posted online Aug. 2, 2016; 6 context for future work) and 3) found in the control and at least one N treatment plot. In the 1 1 7 sequencing dataset, the relative abundances of the ten taxa ranged from 0.01 to 1.2% (Table S1 ), 1 1 8 typical for saprotrophic taxa at our site (Morrison et al. 2016) . Collectively, the relative 1 1 9 abundance of these taxa was 1.4% in the control treatment, increasing to 1.9 and 3.9% in the N50 1 2 0 and N150 treatments, respectively. We also included one basidiomycete in this study, although 1 2 1 basidiomycetes were harder to culture as they were mostly outgrown by ascomycetes on all 1 2 2 culture media. To facilitate communication, we assigned a provisional name to each group of isolates based on the best match to a voucher species within NCBI, with a minimum requirement of 97% sequence similarity and a bit score of 800 (Table S1 ). From this point forward, we refer of the species were cultured from all three N treatments, but two (Discosia and Phacidium) were only isolated from the control and N50 treatments and one (Irpex) was only isolated from the 1 2 9
control and N150 treatments. we compared the behaviors of isolates from the two N treatments (N isolates) with isolates of the 1 3 2 same species collected from the control treatment (control isolates). We use the term "isolate origin" to indicate the field treatment (N0, N50, or N150) from which each culture was isolated
and "laboratory environment" to indicate the N treatment simulated by our common garden environment, as well as N50 and N150 (away) environments, and isolates from the N treatments were grown in the control (away) environment and their home (N50 or N150) environment.
peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/067306 doi: bioRxiv preprint first posted online Aug. 2, 2016;  Mycelial growth rates are often used as a measure of fungal fitness (Pringle and Taylor end of its race tube when growth rate was calculated in mm day -1 . We ran three laboratory
replicates per biological isolate in each environment, and whenever possible, growth rates were
calculated for the multiple biological replicates per species isolated from each field treatment.
To test the ability of the fungal isolates to decompose plant litter, we used a common garden
approach where fungi isolated from both control and N enriched field plots were grown in the the O i (litter) layer. Fresh oak litter was collected from each treatment plot using litter traps.
Collected oak litter was air dried at room temperature and the leaves cut into ~2 x 2 cm pieces 1 5 7
after stem removal. Before use, litter was oven-dried (60°C for 48 hours) and subsequently time intensive, we made the deliberate choice to include more species with a single biological
replicate each, rather than fewer species with more biological replicates. We manipulated one
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/067306 doi: bioRxiv preprint first posted online Aug. 2, 2016;  biological replicate per species per treatment and ran three lab replicates for each isolate in each 1 6 2 of its test environments, with the exception of Trichoderma koningii for which we used three 1 6 3 independent biological isolates per treatment for an initial proof-of-concept study. Each Petri 1 6 4 dish was inoculated with one plug of an isolate's stock culture placed on top of the litter at the 1 6 5 center of each plate (Fig. S3a) . Petri dishes were incubated for seven weeks at 25°C in darkness 1 6 6 (Fig. S3b) . At harvest, all litter was removed from each Petri dish by hand using forceps, 1 6 7 weighed, and subsequently oven dried at 60°C for 48 hr to determine moisture content. The loss (dry wt basis).
Statistical analyses. Two-way analysis of variance (ANOVA) was used to test whether long- term exposure to N enrichment significantly affected the growth rate or litter mass loss 1 7 2 associated with each species, with isolate origin and laboratory environment as independent isolates with control isolates of the same species. When interactions between isolate origin and 1 7 5 laboratory environment were significant, we analyzed the data of each environment separately to variance. Using the same approach, we also tested for a general fungal response, by pooling the data across all species. Global change experiments offer a unique opportunity to investigate and record evolutionary 
9 critical ecosystem processes, including organic matter decomposition. We tested whether chronic 1 8 5 soil N enrichment has affected the ability of diverse fungi to decompose plant material. Using a 1 8 6 common garden approach, we grew control and N-exposed fungi isolated from a 28 year 1 8 7 simulated N deposition experiment in identical laboratory environments to test whether fungi 1 8 8 exposed to chronic N enrichment consistently grow differently, or decompose litter differently, 1 8 9 compared to control fungi. Experiments tested whether environment is the main driver of (from control plots or N exposed plots) in the same laboratory environments (the same "gardens"). To our knowledge, this study is the first to test if and how fungal behaviors relevant to a critical ecosystem process evolve in response to long-term environmental change. Growth rates. All species grew with a single growth front and in a consistent linear fashion 1 9 7 along race tubes, except Cladosporium whose growth was patchily distributed throughout the 1 9 8 race tubes. This growth pattern made it impossible to calculate a growth rate and so this species other species ranged from 1.0 to 10 mm dy -1 .
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While biological replicates of a species from a specific treatment plot behaved similarly to Discosia) showed no response of long-term N enrichment on growth rate, while four species
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/067306 doi: bioRxiv preprint first posted online Aug. growing differently (faster or slower) from control isolates, even when N isolates were grown in 2 1 0 the away (control, low N) environment. However, the direction of change was not predictable, 2 1 1 with the average response being no effect. The basidiomycete Irpex showed significantly higher 2 1 2 growth rates for the N isolates (9.8-10 mm dy -1 ) in both their home (N150) and away (N0, 2 1 3 control) environments compared to the control isolates (7.6-7.8 mm dy -1 ; origin: P < 0.0001, Litter decay. While growth responses were inconsistent, the capacity to decay plant litter,
potentially a more relevant measure of ecosystem function, was significantly and consistently
less for fungi isolated from N enriched plots compared to the same species isolated from the result was independent of the laboratory environment in which the isolates were grown (origin: P 2 2 4 < 0.0001; environment: P = 0.3803; Fig. 2B ). Mass loss for litter decomposed by ascomycete 2 2 5 species was on average 17.9 and 26.2% lower for N50 and N150 isolates, respectively, compared
to control isolates (Fig. 3) . While isolate origin was significant (P < 0.01), there was no 2 2 7 significant origin × environment interaction, meaning that N50 and N150 isolates decomposed litter more slowly than control (N0) isolates, irrespective of the laboratory environment in which 2 2 9 they were grown (Fig. 3 inset) . In terms of species-level responses, Cylindrium proved to be an
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/067306 doi: bioRxiv preprint first posted online Aug. 2, 2016; 1 1 exception and the only species able to decay litter more effectively after exposure to chronic N 2 3 1 enrichment and this was only for isolates collected from the highest N addition (N150) treatment.
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There was no relationship between litter mass loss and growth rates (r 2 = 0.04; P = 0.1063; Fig.   2  3  3 S4), suggesting that growth rate, as measured here, is not a useful predictor of decay dynamics.
Synthesis. In the aggregate, our data suggest that fungi growing in N enriched plots have 2 3 5 evolved and are less able to decompose plant litter than the same species growing in control 2 3 6
plots. Individual fungal isolates behaved consistently across home and away environments; an 2 3 7
isolate less able to decompose in one environment was less able to decompose in all 2 3 8 environments.
Isolates from N treatment plots were generally less able to decay litter than
isolates of the same species from control plots, and the behaviors of these N isolates did not environments. An especially striking difference was recorded among isolates of the isolates compared to the control isolates in both control and N enriched laboratory environments.
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Whether or how these altered behaviors will benefit a fungus remains untested and would peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/067306 doi: bioRxiv preprint first posted online Aug. 2, 2016; 1 2 there may be gene flow across field treatment plots, the fact that we found consistent changes in 2 5 4 species behaviors suggests that whatever dispersal there is among plots is not enough to counter adaptation to environmental change and provide evidence for genetic differences among closely 2 6 0 spaced populations. The fungal behaviors described here are clearly an analogous result. primary niche appears to be cellulose (rather than lignin) decay coupled with the fundamental 2 6 8 changes in fungal behaviors we observed here (among ascomycetes and a basidiomycete) may 2 6 9 accompany or perhaps even drive previously observed N-induced declines in fungal biomass, were grown in control environments, whether or how quickly a fungal community will recover 2 7 3 following the cessation of N enrichment emerges as another critical, unanswered question. Meanwhile, and for as long as N pollution continues to be a feature of our rapidly changing 2 7 5 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
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